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Overview

- GenX and other PFAS in the Cape Fear River, drinking water,
update on what we know, discussion of contributing factors

- Introduction to PFAS, chemistry, consumer and industrial uses
- Summary of research in the Cape Fear River Basin

- Discussion of Non-targeted Analysis Mass Spectrometry
techniques

- Reductions in PFAS in municipal drinking water, but still many
unresolved issues (e.g., well and groundwater contamination,
airborne releases, soil, food)



Introduction to PFAS

» A class of man-made chemicals that are ubiquitous due to:
— Wide variety of industrial and consumer uses
— Persistence
— High Mobility

 They are a concern due to:

— Known or suspected toxicity, especially for PFOS and
PFOA

— Bioaccumulation

— Some have very long half lives (several years),
especially in humans

— Shorter PFAS tend to be highly mobile, longer PFAS less
mobile

* Information on PFAS is rapidly evolving 2



Some Perfluorinated Compounds (PFCs)
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Per- and Polyfluoroalkyl Substances (PFAS)
Chemistry 101

Thousands of PFASs in production of industrial and consumer products.
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Chemical and Physical Properties

Properties of PFAS range depending on carbon chain
lengths and functional groups.

PFAS generally occur as mixtures and are not well
characterized.

PFAS provide desirable performance because they repel
both oil and water:

— The fluorinated carbon tail is both lipophobic/oleophobic (repelled
by fats and oils) and hydrophobic (repelled by water).

— The functional group head can vary but is often hydrophilic
(attracted to water).
As a result of these unique surfactant properties and their
stability, they are common surfactants and stain
preventers. 5



Surfactant Characteristics of PFAS
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PFAS Generally Not Removed During Drinking Water Treatment
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PFAS Health Effects Summary

Animal toxicity
— Causes liver, immune system, developmental,
endocrine, metabolic, and neurobehavioral toxicity. e
— PFOA and PFOS caused tumors in chronic rat studies.

—

%

Human health effects associated with PFC(s) in the general
population and/or communities with contaminated drinking water
include:

* 1 cholesterol * Diabetes

e 1 uric acid « Testicular and kidney cancer

* 1 liver enzymes * Pregnancy-induced hypertension
« | birth weight * Ulcerative colitis

» | vaccine response ¢ Effects in young adulthood from
* Thyroid disease prenatal exposures

» Osteoarthritis — Obesity in young women.

— | sperm count in young men.
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The Cape Fear River Basin
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Survey of perfluorinated compounds in surface water 2006

SS Kemmerer sampler Lab-made dip sampler
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5,258 Permitted sludge application sites in North Carolina
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Cane Creek Resevoir - Serving Orange County
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PFOS in Surface water, Greensboro, North Carolina
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US Environmental Protection Agency
PFOA Stewardship Program

- In January 2006, USEPA started this program to help minimize
impact of PFOA in the environment

- Eight major international companies have agreed to participate
(including 3M, DuPont, Asahi Glass, Daikin)

- Agreement to voluntarily reduce factory emissions and product
content of PFOA and related compounds™ on a global basis by 95%
no later than 2010

- Agreement to work toward total elimination of emissions and
product content of these compounds by 2015

- Based on emissions and content determinations made for 2006

* Includes PFOA, precursor chemicals that can break down to PFOA,
higher homologues (C9 and larger)



Trends in PFAS Serum Levels in US
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Table 2. Geometric mean and 95% confidence interval and selected percentiles of PFOS,
PFOA, PFHxS, and PFNA serum concentrations (ng/mL) for the U.S. population 12
vears of age and older: Data from NHANES 2011-2012°

Geometric Mean Selected Percentiles
(95% Confidence = = e 5
Interval) 50 75 90 95
PFHxS 1.28 1.15-1.43 127 2.26 3.81 543
PFOS 6.31 5.83-6.82 6.51 10.48 15.62 21.68
PFOA 2.08 1.95-2.22 2.08 3.02 4.35 5.67
PENA 0.88 0.80-0.97 0.86 1.30 1.95 2.54

*CDC (2015)




Fluoropolymer manufacture

PFAS Not Covered Under Stewardship Program
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Unknown Characteristics of “Emerging” Fluorinated
Compounds

- Actual identities of alternatives unknown in industrial sectors and
geographical regions that are not well regulated

- Data on environmental and human health effects are incomplete
(at best) and more often nonexistent

- Data on degradabillity, bioaccumulation, and toxicity
(environmental and human) are incomplete (at best) or completely
lacking

- Information on production volume and environmental emissions
not available

Wang et al. Environment International 2013, 60, 242-248



GenX

- Substitute for PFOA, identity
originally protected as

Confidential Business
Information (CBI)

- Still persistent, still toxic, but
less bioaccumulative than PFOA

- DuPont studies found effects
on rats similar to PFOA,
including possible
endocrine/immune disruption,
enlarged livers and kidneys, and
cancer

- Approved by the EPA, used for
production of Teflon




GenX: (2,3,3,3- Tetrafluoro-2-(heptafluoropropoxy)propanoic acid)

Class: PFECAs

Formula: C(HF,,O;

CAS no.: 13252-13-6
Molecular Mass: 329.9750 Da

Ref: Strynar et al., ES&T 2015;
Sun etal., 2016

20



Chemours Fayetteville Works Plant, Bladen County, NC

US Lock & Dam"" ‘?Wlllram [

"

.11 |

i "
Y | Imagery ©2017 DigitalGlobe USDA Farm Service Agency Map data @2017 Gooagle 3D Earth view iz not available Terms S




FORM 2C ITEM Il-A @ LINE DRAWING

Permit Process Schematic

MWPOES PERMIT RENMEWAL AFPLICATION

Chemours Company - Fa ille Works
'WATER BALANCE (Revised 04-21-2018) NPDES Permit Mo, NCODD3ET3
FI Umu. Gallons per Day
(1) Al Manufacturing Units operating
(2} Maximurm 30-day average of measured flows (2013 - 201 5)
-"'-._L .-"-.-’
f-__.___,__.———-——._____‘____‘__‘—- Cape Fear River e
(36567545 ]
[———— NaQCl
¥
Sediment.
FILTERED Fittared Watar
{ 0,000 | WATER SYSTEM | *_ 2,400,000 ¢ * y
WO SOHTART
TR WATER, -
e saeh s [S.EE0.00 [ 200,506 )
s Demineralized = ]
Waler
DEMINERALIZED,
WATER SYSTEM CVERG |
60,000 | |
| | Mgitralized
EEL I Rageomnas | [ EEsam | | Eﬂfﬂ:l
TR e l
I:.I.IRARAT AMERICAS KURARAY AMERICAS DUPCHT DUPGNT
CHEMOURS BUTACITE™ SENTRYGLAS™ POLYVINYL POLYVINYL
i &fﬁﬁoéﬁggm POLYVINYL BUTYRAL LAMINATE [FLUORIDE FLUORIDE
b PROCESSES MANUFACTURING - MANUFACTURING i RESIN. HESIN
FROCESS PROCESS IEHUEESS M PROCESS 82
WaTeR o @IE l Fli'lml
| WATER _ I 2
¥ r !
X - [T TEERT | E‘“_"I [#.177]
- " L]
e [ 2 TE |- I
: Condonastn  Birrcn l l Hen-Gonbed Cosiag el l - z?a_tﬁan-_'
L]
[ g i
' Evaporaion &
EE ACTIVATED % %- %— oz
o CLARIF- L r
H i ¢ [ 50.000 | suoce CATION 001 3 i E
i oEeE 2 % i
5 5 5
1 - -
| s E i
i
1
i
3 L] k.

R



Chemours Site TSCA Inventory
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Hexafluoropropylene oxide (HFPO)

» an intermediate used in industrial organofluorine
chemistry

» a monomer for fluoropolymers.

» colorless gas is
the epoxide of hexafluoropropylene

» produced by DuPont and 3M and as a precursor
to the lubricant Krytox and related materials

» generated by oxidation of perfluoropropylene,
e.g. with oxygen as well as other oxidants

Common Analyte FL S E
Fo /- F
F F
;7<7<><f F o 0O~ NH,*
F
F E o O. F—/<
o
F— 5 F——F
F——F F
r_'
GenX

CAS 62037-80-3



High Resolution Mass Spectrometry Non Targeted Analysis (NTA)
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Non-Targeted Methods

High resolution mass spectrometry allows one to observe an unknown compound as a peak in a
chromatogram and to ultimately predict the identity of this unknown

Initially, the mass spectrometer aSS|gns a mass for each peak observed, for example 179.9846
Daltons (Da) o [Eo s St o o

T

Software then calculates the exact number and type of atoms needed to achieve that measured
mass, example C;HF;0; (need this number and type of atoms to weigh this much)

Software and fragmentation experiments allow determination of most likely structure:

F F F F Molecular Formula: C,HF.O,
>< Monoisotopic Mass: 179.984585 Da
[M-H]-: 178.977308 Da
O
F OH
O

With mass, formula, and structure determined, identity can be assigned by searching against
databases of known compounds, example CAS number 674-13-5

Search for standards from commercial sources to confirm identification if possible

27



Chromatographic and High Resolution Mass
Spectrophotometric Data
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Isotope Signatures: Negative Mass Defect

Positive
MaSS Mass Defect
Defect 001 1.00784  14.0067
12.0000 .
|| —
12C 1H 14N !J 19F | r
Negative 0.0 15.9949 18.9984
Mass
Defect -0.03 30.9738  31.9721
34.9689
F= -0.0016
-0.05
H D +0.0078 4.8 F:H
-0.07
78.9183
-0.09
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Mass Defect Plot TOFMS data
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Identification of Novel Perfluoroalkyl Ether Carboxylic Acids (PFECAs)
and Sulfonic Acids (PFESAs) in Natural Waters Using Accurate Mass
Time-of-Flight Mass Spectrometry (TOFMS)
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ABSTRACT: Recent sdentific scruting and concerns owver
exposure, toxicity, and risk have led to intemational regulatory
efforts resulting in the reduction or elimination of certain
pefluorinated compounds from various products and waste
streams, Some manufacturers have started produdng shorter
chain per- and polyfluorinated compounds to try to reduce the
potential for bioaccumulation in humans and wildlife. Some of
these new compounds contain central ether oxygens or other
minor modifications of traditional perfluorinated structures. At
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these “replacement chemistries” in the peer-reviewed
literature. In thiz study we used a time-of-flight mass
spedrometry detector (LC-ESI-TOFMS) to identify fuori-
nated compounds in natoral waters collected from locations
with historical perfluorinated compound contamination. Our
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sampling of suface water for identification of potential
sources, nontargeted TOFMS analysis, molecular feature
extracion (MFE) of smples and evalumation of features
unique to the sample with source inputs. Specifically,
compounds were tentatively identified by (1) acourate mass
determination of parent and/or related adducts and fragments
from in-source collision-induced disocihton (CIDY, (2) in-
depth evaluation of insource adducts formed during analysis, - * . - .
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ABSTRACT: Long-chain per- and polyfhuoroalloyl substances  paint &

(PEASs) are being replaced by short-chain PFASs and  non-point =9

fluorinated alternatives. For ten legacy PFASs and seven  sources

recently discovered perfluorcalkyl ether carboxylic adds

(PFECAs), we report (1) their ocoumrence in the Cape Fear
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Legacy PFAS with GenX in Cape Fear River Basin
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Emerging PFAS in Wilmington Drinking Water
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Toxin taints CFPUA drinking water
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GenX contamination discovered and stopped
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GenX Reduction in Cape Fear River Basin 2017
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GenX Concentrations after Chemours announced
on 6/21/17 that it stopped discharging GenX
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Nafion Byproduct 2

Class: PFESAs

Formula: C;H,F ,O.S

CAS no.: 749836-20-2
Monoisotopic Mass : 463.9399 Da
Ref: Strynar et al., ES&T 2015

F
HO, F Molecular Formula: C,H.F,,0.S
O::S Monoisotopic Mass: 463.9399 Da
If F o [M-H- 462.9326 miz
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EPA Data: PFECA Concentrations in Wilmington
Drinking Water (8/31/17 Data Release)
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Likely Air Emission contributors to HFPO-DA
detection near Chemours
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NIH R21 Study Design

Collaborators include NCSU (Jane Hoppin, Detlef Knappe, Rob Smart,
Katy May), USEPA (Mark Strynar, Andy Lindstrom), ECU (Jamie DeWitt,
David Collier, Suzanne Lea)

Study population to be 100 adult males, 100 adult females, 100 boys (age
6-17) and 100 girls (age 6 -17)

Water samples collected at each household, study participants to provide
blood, urine, and questionnaire data on water consumption patterns

Analysis of blood, urine, and water will be done at NERL by NCSU
students under the direction of EPA

Chemical analysis will focus on legacy PFAS, replacement compounds
documented in the Sun et al. 2016 paper + Nafion byproducts, and NTA
assessment



Questions?

Email: lindstrom.andrew@epa.gov
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